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Building 8110 of t h e  Compnents Service F a c i l i t i e s  a t  NASA's  M i s s i s s i p p i  
Test F a c i l i t i e s  houses a most complete a r r a y  of hardware making i t  a 
complete and modern combustion l abora to ry .  
The f a c i l i t i e s  i nc lude  engine,  probe, c o n t r o l  p a n e l s , , g a s  a n a l y s i s  and 
a d a t a  a c q u i s i t i o n  system; a l l  of them a l r e a d y  i n s t a l l e d  and i n  ready condi- 
t i o n  t o  perform tests.  These f a c i l i t i e s  have a l r e a d y  been used; the MA-3 - 
Atlas Vernier  Engine used f o r  t h e s e  experiments has been f i r e d  f i v e  times 
and i n  t h e  las t  t h r e e  experiments a l l  hardware a v a i l a b l e  was used. A l l  
systems performed f l a w l e s s l y  wi th  the  excep t ion  o f  t h e  probe. Nego t i a t ions  
are t ak ing  p l a c e  i n  o r d e r  t o  o b t a i n  a s t u r d i e r  probe. 
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INTRODUCTION 
Due t o  the  g r e a t  i n t e r e s t  i n  space t r a v e l  i n  the  las t  decade, 
t h e  state of t h e  arts i n  r o c k e t r y  i s  today so  advanced t h a t  we a r e  
a b l e  t o  send t o  and b r i n g  back men f romthe  moon, Even though most 
of t he  f i e l d  i n  r o c k e t r y  has been thoroughly r e sea rched ,  c e r t a i n  areas 
l a g  behind t o a n  e x t e n t w h e r e  l i t t l e  is  known about them. One o f  t hese  
l i t t l e  understood areas is t h e  phys ica l  phenomena involved i n  the  com- 
b u s t i o n  of r o c k e t  p r o p e l l a n t s .  An understanding of t h e s e  phys ica l  
phenomena is  needed i n  o rde r  t o  make proper design c a l c u l a t i o n s .  
The purpose o f  t he  Combustion Laboratory i s  the  s tudy  of t h e  
phys ica l  phenomena involved i n  the  combustion of r o c k e t  p r o p e l l a n t s .  
A l l  t he  necessa ry  equipment is a l r e a d y  i n s t a l l e d  i n  Building 8110 
a t  the  M i s s i s s i p p i  Test  F a c i l i t i e s ,  Bay S t .  Louis,  M i s s .  The objec-  
t i v e  o f  t h i s  r e p o r t  i s  t o  f a m i l i a r i z e  the r eade r  w i t h  these  f a c i l i t i e s  
and wi th  t h e  s t a t e - o f - t h e - a r t  i n  plume measurements. 
FACILITIES 
Building 8110, o r  t h e  Components Se rv ice  F a c i l i t i e s  Complex, 
houses a very complete a r r a y  of hardware which makes t h e  study o f  
t h e  p h y s i c a l  p r o p e r t i e s  of t h e  MA 3 Vernier Engine plume an almost 
easy t a s k .  The f a c i l i t i e s  are ready f o r  usage. F ive  tests have 
a l r e a d y  been performed (See Table 1).  
Engine 
The engine a v a i l a b l e  f o r  s t u d i e s  i s  t h e  MA 3 Atlas Vernier 
Engine. This  engine i s  manufactured by North American Rockwell, 
Rocketdyne Divis ion.  
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MA-3 Vernier  Engine Tes ts  
Date Use of Probe -
10/21/69 









Tes t  s tand checkout.  
Test s tand checkout.  
V ib ra t ion  caused the  va lve  
c o n t r o l l i n g  flow of probe 
coolan t  t o  shu t  o f f .  T e s t  
had t o  be abor ted .  
Leaks developed on the  
probe, presumably l a t e  on 
the  t e s t .  Ear ly  d a t a  
looked reasonable  and is  
used on sample c a l c u l a t i o n .  
A gas sample could not be 
taken a s  the  f i l t e r s  on 
t h e  sample b o t t l e s  were 
crushed and blocked the  flow 
Leaks developed on the 
probe. It is  suspected 
t h a t  the  o r i f i c e  va lve  d i d  
no t  open during the  t e s t  
render ing  the  d a t a  unuseable.  
However, good gas samples 
were obtained r e s u l t s  
a r e  shown i n  Table 111. 
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The engine t o  b e  used i n  t h i s  study has  been mounted and a l l  
connect ions necessa ry  have been made (See F igu res  1 and 2 ) .  The 
f u e l  used was JP-5 with l i q u i d  oxygen as o x i d i z e r .  Geometrical  
d e t a i l s  of t h e  engine are shown i n  Figures  3a and 3b which i s  taken 
from r e f e r e n c e  1. 
The mounted engine i s  l o c a t e d  i n  c e l l  309 of Bui lding 8110 
(See page 10). 
i n  F igu re  4 .  
Bui l d i n q  
The engine i s  operated from t h e  c o n t r o l  pane l  shown 
The Combustion Laboratory i s  l o c a t e d  i n  Bui lding 8110 which i s  
p a r t  of t h e  Components Se rv ice  F a c i l i t i e s  Comples. Bui lding 8110 
(See F i g u r e  5)  has  two main rooms i n s i d e  and f i v e  o u t s i d e  test  cells .  
The s m a l l  i n s i d e  room, ad jacen t  t o  c e l l s  309 and 310 houses t h e  r o c k e t  
engine c o n t r o l  pane l .  
c e l l  309 and t h i s  room. The l a r g e  i n s i d e  room c o n t a i n s  a p a r t  of t h e  
d a t a  a c q u i s i t i o n  system. 
There i s  a s m a l l  o b s e r v a t i o n  window between 
C e l l  308 c o n t a i n s  a 200 g a l l o n ,  2000 p s i a  r a t e d  l i q u i d  oxygen 
The high p r e s s u r e  water tank 
C e l l  309 has 
tank and a high p r e s s u r e  water tank.  
i s  used i n  t h e  c o o l i n g  system of t h e  enthalpy probe. 
t h e  mounted Mp-3 Atlas Vernier  engine and t h e  t r a n s v e r s i n g  mechanism 
with t h e  probe. Cell 310 c o n t a i n s  a 200 g a l l o n  2000 p s i a  r a t e d  f u e l  
tank. Hydrogen tanks are l o c a t e d  o u t s i d e  of t h e  building. %e F i g .  6.  
Data Acquis t ion System 
A most complete d a t a  a c q u i s i t i o n  system i s  a v a i l a b l e  t o  record 






























































































0 O X I D I Z E R  O R I F I C E ,  
FUEL O R I F I C E S ,  
0.037-INCH D I A M E T E R  
0.033-, 0.032-INCH 
D I AMET ER 
F U L L  SCALE 
Figure 3b. Injector Schematic 
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Bui ld ing  8110 
Rocket Con t ro l  Panel 
S t r i p  Chart Recorder Panel 
Timing System & Event Recorder 
S i g n a l  Condi t ioning Group and Patching Panel 
Liquid Oxygen Tank 
High P res su re  Water Reservoi r  
MA-3 Atlas Vernier  Engine 
JP-5 Fuel  Tank 
Liquid 'Hydrogen Tank 
Observat ion Windows 
T e s t  Cells 
F igu re  5.  Bui ld ing  8110 - Layout 
11 
Figure  6 .  L i q u i d  Oxygen Propellant Tank 
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Part o f  t h i s  system i s  loca ted  i n  Bui lding 8110. 
Bui lding 8110 are: 
The components i n  
(1) S igna l  Conditioning Group (F igu re  7) 
(2) Ins t rumen ta t ion  Patch System (F igure  7) 
(3) S t r i p  Chart Recorder Group (F igu re  8) 
( 4 )  Event Recorder (F igu re  9) 
(5) Timing System (Figure 9) 
(6) Osci l lograph Recorder Group (F igu re  8) 
The r e s t  of  t h e  d a t a  a c q u i s t i o n  system i s  loca ted  i n  t h e  main 
b u i l d i n g  of t h e  Components Se rv ice  F a c i l i t i e s  Complex, Room 118. 
This  equipment completes t h e  a c q u i s t i o n  d a t a  systems and a l s o  se rves  
a s  a back up system t o  i n s u r e  a l l  d a t a  a v a i l a b l e  are  recorded and 
e a s i l y  r e t r i e v e d .  The components i n  Room 118 are: 
(1) Analog Recorder (F igu re  10) 
(2) Oscil lograph Recorder Groups I & I1 (Figure 11) 
(3)  Analog/Digi ta l  Recorder System (F igure  12  and 13) 
( 4 )  Ship Chart Recorder Groups I & I1 (Figure 14) 
(5) Event Recorder (F igu re  15) 
(6) S igna l  Conditioning Group (F igu re  16) 
(7) Ins t rumen ta t ion  Patch System (F igure  16) 
(8) Mult’ipoint Recorder (F igu re  17).Not used b u t  a v a i l a b l e  f o r  
t h i s  program. 
Table I1 l i s t s  t h e  parameters which a r e  recorded,  t h e  parameter 
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F i g u r e  1 7 .  12-Poi .nt ,  M u l t i p o i n t  R e c o r d e r  
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TABLE I1 


























- Var iab le  
Temperature, LOX I n l e t  
Temperature, Fuel Flow Meter 
Temperature, Probe H 2 0  0. J. I n l e t  
Temperature, Probe H 2 0  I.J. I n l e t  
Temperature, Probe H20  O.J. O u t l e t  
Temperature, Probe H20  I.J. O u t l e t  
Temperature , Probe gas sample 
P res su re ,  LOX tank 
P res su re ,  LOX i n l e t  
P res su re ,  Fue l  tank  
P res su re ,  Fuel  i n l e t  
P res su re ,  LOX Dome 
Pressure ,  Engine Chamber 1 
Pres su re ,  Engine Chamber 2 
Pressure ,  Fuel t runnion  
Pressure ,  Water t ank  
Pressure ,  Probe, S t a t i c  
Pressure  , Probe, S tagnat ion  
Pressure ,  I. J. O u t l e t  
Pressure ,  G a s  sample 
Pressure ,  Probe i n l e t  
P res su re ,  O.J. O u t l e t  
Pressure ,  S t r u t  O u t l e t  
Range of Measuring Instrument  
(-300°F) - (-250'F) 
0 - 100°F 
0 - lOOOF 
0 - 100°F 
0 - 500°F 
0 - 500°F 
0 - 500°F 
0 - 1000 p s i g  
0 - 1000 p s i g  
0 - 1000 p s i g  
0 - 1000 p s i g  
0 - 1000 p s i g  
0 - 500 p s i g  
0 - 500 p s i g  
0 - 1000 p s i g  
0 - 1000 p s i g  
0 - 20 p s i a  
0 - 500 p s i g  
0 - 250 p s i g  
0 - 500 p s i g  
0 - 1000 p s i g  
0 - 250 p s i g  
0 - 250 p s i g  






























TABLE I1 (Cont'd) 
Var i ab le  
Flowrate ,  Fuel 
Flowrate ,  H20 I.J. 
Flowrate ,  H20 0. J. 
Flowrate ,  H 2 0  S t r u t  
Pos i t i on ,  Probe, Hor izonta l  
P o s i t i o n ,  Probe, V e r t i c a l  
I g n i t i o n  Command 
LOX Tank Vent 





Fuel Tank Vent 
Fuel Tank Vent 
Fuel Bleed 
Fuel Bleed 
Fuel  Supply 
Fuel  Supply 
Deluge Valve 
Engine Fuel  Purge Valve 
Engine LOX Purge Valve 
Fuel  C e l l  Deluge open 
LOX C e l l  Deluge open 
Probe water open 
O r i f i c e  Sample open 
Range of Measuring Instrument 
0 - 30 GPM 
0 - 1 G P M  
0 - 1.5 GPM 
O - 5 G F ' M  
0 - 1 2  i n .  
0 - 1 2  i n .  
28 - 0 VDC 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 
OFF - ON 






TABLE I1 (Cont'd) 
Var iab le 
Sample Supply open 
Sample Bottle #2 open 
Sample Bottle #3 open 
Range of Measuring Instrument 
OFF - ON 
OFF - ON 
OFF - ON 
27 
Probe 
There are two main techniques used t o  s tudy t h e  p h y s i c a l  phenomena 
involved i n  t h e  plume o f  a rocke t  engine,  t h e s e  are  r a d i a t i o n  measurements 
and probe measurements. 
pared wi th  r a d i a t i o n  from a known c a l i b r a t e d  source o r  a c a l c u l a t e d  
model. The in s t rumen t s  are  no t  exposed t o  t h e  seve re  environment, b u t  
only average va lues  a c r o s s  t h e  plume are ob ta ined .  
n iques ,  d i r e c t  measurement i n s i d e  t h e  plume e l i m i n a t e s  temperature  
averaging.  However, t h e  probe must be capable  of withstanding t h e  
seve re  environment of t h e  plume. 
used. S t u d i e s  u s i n g  r a d i a t i o n  techniques are descr ibed i n  r e f e r e n c e  1; 
s t u d i e s  us ing  probe techniques,  i n  r e f e r e n c e s  2 - 9 .  
I n  t h e  former, r a d i a t i o n  from t h e  plume i s  com- 
Using probe tech-  
Both of  t h e s e  techniques have been 
Radiat ion measurements can b e  analyzed by assuming a x i a l  symmetry 
o f  t h e  plume, and l o c a l  p r o p e r t i e s  of temperature  and composition, 
t h u s l y  a r e  deduced. This  i s  c a l l e d  zone radiometry.  However, t h e  probe 
remains t h e  on ly  means o f  d i r e c t l y  measuring a l o c a l  property.  
Unfortunately,  probes which may b e  used t o  determine s t a t i c  and 
t o t a l  p r e s s u r e ,  temperature ,  and composition, even though they a r e  
commercially a v a i l a b l e ,  have no t  y e t  proven t o  be dependable enough t o  
provide c o n s i s t e n t  d a t a .  Therefore ,  d i s c u s s i o n  n o t  on ly  of t h e  probe 
used bu t  probes i n  g e n e r a l  w i l l  b e  presented.  
The probe used i n  t h i s  program i s  an enthalpy probe. The probe 
system c o n s i s t s  o f  an e x t e r n a l  assembly, an i n t e r n a l  c a l o r i m e t r i c  
assembly and a s t r u t  each of which i s  provided with a s e p a r a t e  c o o l i n g  
system. 
surrounds,  and i s  i n s u l a t e d  from t h e  i n n e r  c a l o r i m e t r i c  probe i s  t o  
The primary f u n c t i o n  of t h e  e x t e r n a l  assembly which completely 
28 
p r o t e c t  t h e  inne r  assembly 
s t ruments  are i n s t a l l e d  i n  
and temperatures .  
The enthalpy probe is  
one t o  measure t h e  enthalpy 
loca ted  on t h e  a x i s  of t h e  
from t h e  seve re  
a l l  ' tubes  which 
e x t e r n a l  environment. In-  
a l low f o r  measuring flows 
a simple c a l o r i m e t r i c  device which al lows 
of a gas sample drawn through a tube  
instrument .  The gas was withdrawn a t  a 
mass f l u x  unequal t o  t h e  s t ream mass f l u x ,  i . e .  no a t t e m p t  was made t o  
"swallow the  shock". 
t r a n s f e r r e d  t o  t h e  tube  w a l l s  and i n  t u r n  t o  t h e  coo l ing  water  flowing 
on t h e  ou te r  s u r f a c e  of t h e  tube w a l l  (see Figure 18). A t  t h e  end of 
t h i s  tube an o r i f i c e  i s  loca ted .  When t h e  flow i s  choked, p re s su re  
measurements can be used t o  o b t a i n  t h e  mass flow rate of t h e  gas .  From 
a s i m p l e  energy balance,  t h e  en tha lpy  of t h e  gas stream can be c a l c u l a t e d  
us ing  t h e  mass flow rate and temperature d i f f e r e n t i a l  of t h e  coo l ing  
water of t h e  inne r  probe (See SAMPLE CALCULATION, page 39 ) .  References 
10-12 d i s c u s s  t h e  theo ry  and performance of enthalpy probes. 
As t h e  sample travels down t h e  tube energy i s  
A l l  t h e  necessary connect ions and in s t rumen ta t ion  f o r  t h e  probe 
o p e r a t i o n  a r e  i n s t a l l e d  i n  c e l l  309. A t r a n s v e r s i n g  mechanism was 
designed and b u i l t .  This  mechanism serves t o  move t h e  probe t o  any 
d e s i r e d  p o s i t i o n  i n  t h e  plume of t h e  MA-3 A t l a s  Vernier  Engine. (See 
Figure 19 and 20). 
The o r i g i n a l  en tha lpy  probe used i n  t h i s  program was a High- 
S e n s i t i v i t y  S t a g n a t i o n  Ca lo r ime t r i c  Probe, Model G-13 -3K, manufactured 
by Grayrad Corporat ion,  12 S t a t i o n  Drive, P r ince ton ,  New J e r s e y .  The 
thermal stresses produced on t h i s  probe by t h e  plume of t h e  MA-3 A t l a s  












































































z Lu v) 
































































































s v) C a k !3 0 N a, k 7 M .rl cr 
32 
r e p a i r e d  between runs .  
and subsequent ly  l e a k s  which render  t h e  d a t a  u n r e l i a b l e  as i t  was 
impossible t o  make an energy balance around t h e  probe. 
I n  each occasion t h e  probe developed c r a c k s ,  
With t h e  b a s i c  idea  of  t h e  Grayrad probe, a s t u r d i e r  probe, more 
amenable t o  t h e  c o n d i t i o n s  encountered i n  t h e  plume of t h e  Vernier  
Engine, should b e  used. 
o b t a i n  such a probe. 
Nego t i a t ions  are  i n  p rogres s  i n  o r d e r  t o  
Since t h e  Grayrad probe was purchased, Avco Corporation h a s  
accomplished a d e t a i l e d  design program f o r  t h e  Manned Spacec ra f t  Center.  
This i s  r epor t ed  i n  r e f e r e n c e  13.  Th i s  probe h a s  t h e  t i p  design f e a t u r e s  
shown i n  F igu re  18. It a l s o  has  t h e  ve ry  d e s i r a b l e  bend f e a t u r e s  shown 
i n  Figure 2 1 , i . e .  i t  does not  depend on concen t r i c  tubes remaining 
concen t r i c  during a bending o p e r a t i o n .  
Upon c o n t a c t i n g  Avco ( r e f .  14) ,  t hey  recommended a probe design 
which they suppl ied t o  Aerotherm Corp. f o r  u s e  i n  l a r g e  arc j e t  tes t .  
Upon c o n t a c t i n g  Aerotherm ( r e f .  1 5 ) ,  w e  learned t h a t  t h e  probe assembly 
survived an environment which i s  similar t o  a Venier plume bu t  t h e  
base  of t h e  probe assembly was inadequa te ly  p r o t e c t e d .  
In  summary, s u c c e s s f u l  probe o p e r a t i o n  a t  enthalpy l e v e l s  ex- 
per ienced i n  t h e  Vernier  plume have n o t  y e t  been accomplished, b u t  













































































































































Gas Sampling and Analysis  
Gas samples are c o l l e c t e d '  i n  b o t t l e s  a t  v a r i o u s  probe l o c a t i o n s .  
These samples a re  analyzed t o  determine (1) t h e  l o c a l  O/F r a t i o  and (2) 
t h e  amount of ambient a i r  which h a s  mixed wi th  t h e  exhaust plume a t  a 
p a r t i c u l a r  l o c a t i o n .  
To accomplish t h i s  de t e rmina t ion ,  t h e  gas  phase p o r t i o n  o f  t h e  
sample was analyzed by gas  chromotography, t h e  l i q u i d  phase was assumed 
t o  b e  water and could be picked up by a d r y  gas  then analyzed f o r  water  
c o n t e n t ,  and t h e  s o l i d  phase was assumed t o  be soot  and was c o l l e c t e d  
on m i l l i p o r e  f i l t e r  d i s c ,  which w a s  weighed f o r  t h e  s o o t .  
On tes t  13 t h e . f i l t e r s  were broken and subsequent ly  plugged t h e  
sample l i n e  so t h a t  a gas sample was not  ob ta ined .  They were omit ted 
from t e s t  14. A t  b e s t ,  t h i s  measurement h a s  seve re  l i m i t a t i o n s  because 
an undeterminable amount o f  soo t  w i l l  d e p o s i t  on t h e  walls o f  t h e  sample 
tubes,  bu t  i t  can be made. 
Duplicate  gas  samples were ob ta ined  on tes t  14 a t  one probe p o s i t i o n .  
The r e s u l t s  of t h e  gas  chromotography ana lyses  a r e  given i n  Table 111. 
Water w a s  not  determined, a l though t h e  t e s t i n g  procedure and equipment 
are a v a i l a b l e .  30 p s i a  of gas  i n  t h e  small Hoke b o t t l e s  was c o l l e c t e d ;  
t h i s  i s  adequate f o r  ana lyses .  
Liquid phase a n a l y s i s  w a s  not  made on t e s t  14,  although t h i s  i s  a 
Since t h e  probe w a s  known t o  have r o u t i n e  a n a l y s i s  f o r  water i n  RP-1. 
leaked i n  t e s t  14,  t h e  absence of t h e s e  d a t a  a r e  not  a seve re  l o s s .  
I n  summary, t h e  sample ana lyses  necessary t o  determine O/F and 
l o c a l  mixing can be performed and t h e  sample c o l l e c t i o n  system i s  adequate ,  









Gas Phase Sample Compositions (in mol percent) 
Sample #1 
















SAMPLE DATA OUTPUT 
The d a t a  d i s p l a y  from tes t  event  number 11 i s  included as t h e  
next  f e w  pages t o  g ive  a n  i n d i c a t i o n  o f  t h e  c a p a b i l i t y  of  t h e  Data 
Acqu i s i t i on  System. 
of t h e  ins t ruments  l i s t e d  i n  Table  I1 was c o l l e c t e d  in  t h e  ou tpu t  
format given i n  t h i s  d a t a  sample. 
On a l l  tes ts  t h a t  t h e  probe was used,  t h e  ou tpu t  
These d a t a  are a v a i l a b l e  from t h e  
a u t h o r s  of t h i s  r e p o r t  and from t h e  M i s s i s s i p p i  Tes t  F a c i l i t y .  
Event sequence d a t a  on so lenoid  valve p o s i t i o n s  are a v a i l a b l e  
but  are not  d i sp l ayed  i n  t h i s  d a t a  sample, b u t  are given i n  Table  
IVY fo l lowing  t h e  d a t a  sample. 
The d a t a  are shown t o  be p re l imina ry  because a t  t h e  time of  
t h e i r  p r i n t i n g  t h e  instrument  eng inee r s  a t  MTF had not had a n  oppor- 
t u i n t y  t o  review t h e  d a t a .  
d a t a .  
Th i s  comment no longer  a p p l i e s  t o  t h e  
To run the tests for which t h e s e  d a t a  were ob ta ined ,  the pro- * 
cedures  l i s t e d  i n  t h e  Appendicies were used ,  These procedures a s s u r e  
maximum range s a f e t y .  
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? € S f  WO 309’311 COMBUSTOR TES? . 
t 
H. 10 V E I N t E  A t 0  1 
. .. 
aF 
-10 0 10 20 39 
- .  
.- 
a .  I 
, .'. 
. -  . 
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. .  ',l .. 
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.-VERNXE TY'P-CAF 
ENG C A T 4  l5KC 
LC 1 
.. TIME 
, JEC ' c 
/ 
' I ,  CORWSTQR TEST 399-011 , . CRELlMINARY 




- 231.S4 - 231.54 - t31.54 - 231.54 - 231.54 - 231.54 - 231.54 - 231.54 - 231.54 - 231.S4 - 231.54 - 265.39 - 254.26 - 233.92 - 231.54 - 231.54 - 231.54 - 231.54 - 23a.54 - 231.54 
- 231.54 - 231.54 - 231.?4 - 231.S4 - 231.54 - 231.54 - 231.54 
- 231.54 
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- 288.93 - 288.92 




- 288.99 - 288.90 - 2a2.m - 208.13 - 288.21 
- 287.55 - 28Y.r& - 287*0? - 287.66 - 288.02 - 288.23 
- 208.C5 




$3.4 - *$4  - 1.66 
13.1 -29 - 36 .70  
$2.9 - -26 - 19.18 
$2.7 - . .31 - . 1.70 
a2.7 - .33 - 19.17 
$2.6 - -24 0 19.21 
s2.s - e 3 0  - 36.69 
s2.s - s2S - 19.17 
$2.4 - e 3 0  - 1.66 
$2.4 -34 36.72 












































































































































































289.2'1 - 231.54 - 289.18 - 231.S4 - 289.25 - 231.54 - 289.33 - 231.54 - 289.38 - 231.54 - 289.42 - 231.54 - 289.69 - 231.54 - 289.51 - 231.54 - 289.54 - 2sa.54 - 289.59 - 231.54 - 289.62 -, 231.54 
- - 269.65 - 231.%4 - 289.69'- 231.54 - 269.72 -. 231.54 - 289.74 - 231.54 - 289.75 - 231.54 - 289.76 - 231.54 - 289.79 . 231.54 - 289.17 - 231.54 
. - 289.85 - 231.54 - 269.81 - 231.54 - 269.62 - 231.54 - 269.83 - 231.54 
/ 
: 
.. . '  
. .  - .  
. .  
, 
i . :- 
..r , . .  
COWBUSIOR ? € S I  309-011 P.RELIW1WARI . -VERN XE. TYP-EAF OAT€-10121169 ?AEUCA?ION 'W AVERAGES 
ENt CAPA 10KC SAW RATE 
L e i  . be2 
rim 
SEC C Ib 
42.405 - 289.83 - 231.S4 
43.432 - 289.83 - 231.54 
44.459 - 289.82 - 231.54 
* 45-48? - 289.82 - 23i.'s4 
4 6 ; s ~  - 2a9.83 - 231.54 
4?.542 - 289.84 - 231.54 
48.569 - 289.84 - 231.S4 
49.596 - 289.84 - 231.54 
m.624 - 289.06 - 251.54 
~ 2 . 6 7 8  - 2a9.85 - 231.54 
53.705 - 289.84 - 231.54 
56.788 - 289.81 - 231.54 
~ 7 . 8 1 5  - 2a9.81 - 231.54 
60.897 - 2 m . a ~  - 231.54 
. 62.952 - 289.83 - 2 3 1 . 5 ~  
6s.oii7 - 2ag.tti .- 231.54 
6 8 . ~ ~ 0 9  - 2a9.82 - 231.54 
69.117 - 2ag.83 - 231.54 
70.144 - 2a9.87 - 231.54 
72.199 - 289.86 - 231.54 
$1.651 - 209.85 - 231.54 
54.733 - 289.85 - 231.S4 
55.760 . 289.85 - 231.54 
50.843 - 209.81 - 231.54 
59.8?0 - 289.82 - 231.54 
61.925 - 289.83 - 231.54 
63.960 - 209.62 - 231.54 
66.034 - 209.79 - 231.54 
67.562 - 209.81 - 231.54 
71.172 - 289.87 - 231.54 
83.227 - 289.85 - 231.S6 
74.255 - 289.84 - 231.54 
75.282 - 289.65 - 231.54 
7 6 . 3 ~ ~ 9  - 2a9.% - 2 3 1 ~ 5 4  
77.337 - 289 . t6  - 231.54 
te.365 - 2a9.88 - 231.54 
49.592 - 209.89 - 231.54 
e2.475 - 2a9.88 - 251.54 
& . n o  - 269.86 - 2 3 1 . ~ 4  
@ s . s s t '  - 289.86 - 231.54 
80.420 - 289.91 - 231.54 
81.448 - 289.69 - 231.54 
83.502 - 289.86 - 231.54 
86-58) 289.89 - 231.54 
67.612 289.89 - 231.54 
'88.640 - 289.90 - 231.54 
89.667 - 289.99 - 231.S6 
90.695 - 289.91 - 231.54 
91.722 - '289.92 - 2 3 1 . 5 4  
92.749 . 289.94 - 231.54 
93.777 - 289.96 - 231.54 

















75. l ?  
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SCAN - C C A C I B .  BTEP 
LO 5 
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6 0 4 . 3  
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605 a 0 





c a t s  
4701. . 
4 1 0 0 .  
4706. 
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4 7 0 5 .  
4705.  
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4 Y G a .  
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4765,  
47 05.  
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. I  COWUSTOR TEST - 309-011 ' ?RELIWINARY 
















d l t . 2 1 1  
1111.244 
1 it. 27 3 
114 -326 
1 15 -354 
113.299 
I 16.301 




























a s . 8 7 5  
- 269.95 , -  231.54 - 283.91 231.54 
- .2a9 .63  .. 231.54 - 269.V7 - 23f.54 - 289.72 - 231.S4 - 289.70 - 231.54 - 289.10 - 231.54 - 269.72 - 231.54 
- 289.14 - 231.54 - ta9.72 - 2 3 1 . ~ 4  - 289.71 - 231.54 - 28s .ao  - 231.54 
- 2 ~ 9 . 8 1  - 23i .54  - 289.62 - 231.54 
- 289.80' -  231.54 
- 289.M - 231.54 - 289.88 - 231.44 - 289.91 - 231.S4 - 289.92 - 231.54 - 289.90 - 231.54 - 2a9.88 - 231.54 - 289.83 - ~ 3 1 . 5 4  
- 289.73 - 231.54 - 289.72 - 231.54 
- 269.17, - 231.54 
- 209.10 - 231.54 - 289.10 - 231.54 - 209.12 - 231.54 - 289.73 - 231.54 - 2&9.?3 - 231.54 - 28S.?4 - 231.54 - 289.16 - 231.54 - 289.71 - 231.54 - 289.78 - 231.54 - 289.18 - 231.54 - 209.19 - 231.54 - 289.83 - 231.54 - 2as.65 . 231.54 - 289.66 - 231.54 - 289.86 - 231.54 - 289.89 - 231.54 - 289.88 .- 231.54 
- 289.72 - 231.54 289.62 - 231.54 - 289.66 - 231.54 - 289.61 231.54 - 289.65 - 231.54 
- 289.55 - 231.54 - 289.53 - 231.54 - 2a9.57 - 231.51 
- 289.56 231.54 
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F S f S  PSIS ?SI8 
5Q1.6 343.93 3t1.46 
501.1 342.44 371.42. 
5OQ.l 341.26 370.02 
238.9 215.65 195.41 
67.1 lG8.28 20.64 
32.8 14.12 - 2.47 
33?6 - 086 - 2.40 
34.) - .os - 2.39 
35.3 - .84 - 2.30 
35.0 - -79 - 2.30 
36.6 - .80 - ' 2.10 
37.1 - - -85 - 2.14 
















- 289.60 - 231.54 - 289.64 231.54 - 289.66 - 231.54 - 288.60 - '262.31 - 275.35 - 244.59 - 279.79 - 231.54 - 259.69 - 231.54 - 251.08 - 231.54 
250.32 - 231.54 - 252.76 - 231.54 - 25S.90 - 231.54 - 258.51 - 231.54 - 260.62 - 231.54 
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TABLE I V  
Event Record 
T e s t  N o .  13  14 
Time of  I g n i t i o n  1 3 : 4 3 : 3 1 . 7  1 4 : 3 2 : 1 0 . 6  
Time i n  Seconds from 
I g n i t i o n  f o r :  
Opening of O r i f i c e  Sample Valve 
Closing of o r i f i c e  sample va lve  
Opening of sample supply va lve  
Opening of sample b o t t l e  82 
Closing of sample b o t t l e  82 
Opening of sample b o t t l e  83  
Closing of sample b o t t l e  #3 


















Applying a n  energy balance about t h e  c a l o r i m e t r i c  probe we f i n d  
t h a t :  
Enthalpy o f  t h e  gas Enthalpy of the gas 
a t  the  t i p  of t h e  = a t  t h e  e x i t  of t he  + by the coo l ing  
probe probe water o f  t h e  probe 
Enthal py Bbsorbed 
o r  : 
where: 
= i n l e t  water temperature T1 
T2 = o u t l e t  w a t e r  temperature 
T = gas temperature a t  t h e  e x i t  of i n n e r  probe 




m = gas mass flow rate 
% = water m a s s  f l o w  rate 
The b e s t  a v a i l a b l e  d a t a  came from experiment 3093-13. With the probe 
h e a t  c a p a c i t y  o f  t h e  gas 
h e a t  c a p a c i t y  of t he  water 
g 
1.4 inches from the  c e n t e r l i n e  of t h e  plume the  available d a t a  is: 
Inner  J a c k e t  : 
m = 0.233 gpm 2 0.2425 l b s / s e c  
T1 = 68°F 7 Note, an approximately 5" ,  (T -T ) d i f f e r e n c e  
T2 = 84°F ) 
W 
was experience wi th  no gas f1b.l The c a l c u l a t i o n s  
are presented bu t  same ques t ion  concerning t h e i r  
v a l i d i t y  remains e 
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Inner Probe: 
T = 80°F , O r i f i c e  diameter  = 0.083 i n .  
S t a t i c  p re s su re  = 13.7 p s i g  
g 
S tagnat ion  Pressure  = 28 ps ig  
Liquid Oxygen: 
Mass flow ra te  = mo2 = 21.3 gpm 
Mass flow rate = mF = 17.3 gpm 
O/F = 2.165 
It w i l l  be assumed t h a t  the gas composition is equal  t o  the one 








0 2  





Changing t h e  composition from a d ry  b a s i s  t o  a w e t  b a s i s  using a simple 














From t h i s  composition we g e t  t h e  O/F r a t i o  a t  the  probe t i p :  
O/F = 3.28 
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Assuming a 3% (mole) of s o l i d  C t h a t  went unaccounted f o r  i n  
t h e  gas  sample and t a k i n g  i n t o  account t h a t  some oxygen d i f f u s e d  
i n t o  t h e  plume i n  t h e  same fash ion  as n i t rogen ,  we can o b t a i n  a 
c o r r e c t e d  gas  composition, which is: 
i n )  
















The O/F r a t i o  of t h i s  composition is  3.1 
Had 6% mole been assumed a s l i g h t l y  lower, b u t  s i g n i f i c a n t l y  
above 2.2 O/F r a t i o  would have been obtained.  The re fo re ,  t h e  l o c a l  
O/F does appear t o  be l e a n e r  t han  t h e  mean. 
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From t h i s  composition w e  can o b t a i n  t h e  h e a t  c a p a c i t y  of the gas 
mixture:  C = 1.225 x BTU/lb°F 
P 
A choked o r i f i c e  i s  used a t  the end of t he  inne r  probe t o  c a l c u l a t e  
t he  mass flow rate  of gas ,  The formula applying t o  t h i s  o r i f i c e  is: 
where : 
A = a r e a  o f  t he  o r i f i c e  ( i n 2 )  
Cd = nozzle  d i scha rge  c o e f f i c i e n t  = 0.96 
Po = upstream s t a g n a t i o n  p res su re  ( p s i a )  
To = upstream temperature (OR) 
Y = s p e c i f i c  h e a t  r a t i o  o f  t h e  gas = 1.2  
R = gas cons t an t  of gas ( f t - l b / l b - " F )  = 52.9 
g = g r a v i t a t i o n a l  a c c e l e r a t i o n  ( f t / s e c  2 ) 
then : 
X (54  1 0 - 4 )  m 
g 
m = 0.004825, l b s / s e c  
g 
Using the  energy balance about t he  inne r  probe: 
X lom3 BW/lb"F) (0.2425 l b s / s e c )  (1 BTU/lb"F) (84OF-68"F) - = 
hS 4.825 x l b s / s e c  
(80°F - 32"F)] 
hs e 804 BTU/lb 
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By knowing that  @ the t i p  o f  t h e  probe: 
% 804 BTU/lb. 
hS 
and a t  t h e  end of the probe 
and 
T2 
T =  










T2 - T1 
- + T1 h 
C 
P 










h e a t  c a p a c i t y  @ T 
temperature  @ t i p  o f  probe 
temperature  @ end o f  probe 
- 0 . 4  BTU/lb"F 
Re f 
- 804 + 80°F 
0.4 
2100 + 80 = 2180°F 
This  temperature  l i e s  below a 2300°F measurement made a t  about t h e  
same l o c a t i o n  i n  a v e r n i e r  plume burning a l coho l  and LOX and above 
a 1800°F measurement made, aga in  a t  about  t h e  same l o c a t i o n ,  i n  a 
LOX- RP-1 model F-1 plume. These measurements are repor t ed  i n  r e f . 1 .  
The parameters found, m a s s  f low rate  and en tha lpy ,  apply  a t  
the  g a s  i n  t h e  t i p  of  t h e  probe. To f i n d  these  parameters f o r  t h e  
f r e e  s t ream, an inve r se  c a l c u l a t i o n  of t h e  shock equat ions  w i l l  have 
t o  be made u s i n g  t h e  known parameters as i n i t i a l  cond i t ions .  
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REVIEW OF OTHER STUDIES 
There are four  main r eg ions  o f  i n t e r e s t  i n  the s t u d i e s  of exhaust 
plumes. These are: 
(1) Cold Flow 
( 2 )  Turbulent Je t  Mixing (Mixing Region) 
(3)  Je t  plumes 
( 4 )  High a l t i t u d e  plumes 
Some of t hese  areas of s tudy  p r e s e n t  less d i f f i c u l t y  t o  explore  expe r i -  
men ta l ly  than o t h e r s .  Our area o f  s tudy  p r e s e n t s  a mpst s eve re  environ-  
ment. 
p i e c e  of equipment i n  o r d e r  t o  be of any use given the  cond i t ions  of 
a high s t a g n a t i o n  p res su re  type regime. 
The en tha lpy  probe has t o  be a v e r y  s t u r d y  and w e l l  designed 
I n  t h e  area of  Cold Flow, B.  R.  Delaney and W. C.  Tidmore used 
convent ional  techniques t o  s tudy  co ld  exhaust  plumes ( 6 ) .  
I n  the  Turbulent Je t  Mixng area, experimentat ion has been abun- 
d a n t ,  because of t h e  phys ica l  phenomena involved i . e .  a f t e r  burning 
and f r e e  ion  formation. J. A .  Schetz (9) p r e s e n t s  a u n i f i e d  model 
f o r  t h i s  a r e a  w i t h  wide agreement of t h e  a v a i l a b l e  d a t a .  L. S. Cohen 
and R .  U .  G u l i l e  (5) used cooled probes t o  s tudy the  e f f e c t  of com- 
b u s t i o n  on t h e  mixing of axisymmetric,  supe r son ic ,  t u r b u l e n t  fo rce  
j e t s .  However, t he  environment s tudy  of t h i s  work w a s  no t  n e a r l y  as 
seve re  as t h e  environment encountered i n  the  plume of t h e  MA-3 engine.  
These i n v e s t i g a t o r s  recommended t h a t  f u r t h e r  probe development and 
s t u d i e s  be accomplished. 
High a l t i t u d e  plume s t u d i e s  encounter less seve re  c o n d i t i o n s  
than plume s t u d i e s  a t  low a l t i t u d e s  as t h e  plume expands cons ide rab le  
i n  t h e  p a r t i a l  vacuum and thus  reduces t h e  s e v e r i t y  of t he  environment. 
This type of experimental  s tudy  p r e s e n t s  the d i f f i c u l t y  of  experimenting 
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i n  a p a r t i a l  vacuum atmosphere. However, some d a t a  and modeling has 
been done ( 2 and 3 ) .  
The s tudy  of phys i ca l  phenomena on an  axisymmetric, supe r son ic ,  
h igh  s t a g n a t i o n  p res su re  exhaust  plume i s  most d i f f i c u l t .  Experimental  
work i s  l imi t ed  by t h e  s e v e r i t y  of t h e  environment. A h i g h l y  s o p h i s t i -  
ca t ed  probe has t o  be developed t o  o b t a i n  s a t i s f a c t o r y  d a t a .  Some 
experimental  work had been done i n  t h i s  a r e a .  D. G. Johnson e t . a l .  
(7)  used c a l o r i m e t r i c  probes i n  t h e i r  experimental  work. This work 
was done mainly u s i n g  s o l i d  f u e l  engines .  Some d a t a  was recorded 
even though t h e  h igh  rate of e r o s i o n  due t o  aluminum p a r t i c l e s  destroyed 
t h e  probes. Rocketdyne has done some advanced work i n  t h i s  a r e a  u s i n g  
t h e  MA-3 Atlas Vernier  Engine (1). This work was done u s i n g  r a d i o -  
metry and cold flow a n a l y s i s .  C .  A .  Bryce ( 4 )  d id  ve ry  i n t e r e s t i n g  
work i n  low s t a g n a t i o n  p res su re  supersonic  flow combining probe and 
r a d i a t i o n  techniques.  However, t h i s  work involved environments t y p i -  
c a l  of a r amje t  engine i n s t e a d  of a r o c k e t  engine.  
RECOMMENDATIONS AND CONCLUSIONS 
Building 8110 of t h e  Components Se rv ice  F a c i l i t i e s  was o r i g i n a l l y  
b u i l t  f o r  cryogenic  t e s t i n g .  Later, plans were made t o  use  Building 8110 
f o r  a combustion l abora to ry .  
Bui lding 8110 i s  a complete and modern combustion l a b o r a t o r y .  A f a c i l i t y  
t h a t  w a s  t o  be of no use i s  nowadays, a f t e r  a s u c c e s s f u l  conversion 
w i t h  l i t t l e  expense, a most u s e f u l  f a c i l i t y .  
These plans were c a r r i e d  out and today 
We recommend t h a t  a c a l o r i m e t r i c  probe be b u i l t  and used f o r  
o b t a i n i n g  experimental  d a t a  of t h e  p h y s i c a l  phenomena i n  an  axisym- 
m e t r i c ,  supersonic  h igh  s t a g n a t i o n  p res su re  plume exhaust .  This  a lone 
would be i n  a major c o n t r i b u t i o n  t o  the  state of t h e  a r t .  
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APPENDIX A 
T E S T  PROCEDURE 
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Event 
Pre-Tanking Operat ions 
LOX Loading 
Pre-Fi r ing  P repa ra t ion  
RP-1 Tank P r e s s u r i z a t i o n  
LOX Tank P r e s s u r i z a t i o n  
Engine S t a r t  Sequence 
Engine F i r  ing  
P rope l l an t  Systems Securing 
Complex Secure @ T + 30 minutes .  
Vern ier  Engine 'Countdown Time Table 
T ime  -
To -From -
T - 4 hours  T - 1 hour,  50 min. 
T - 1 hours ,  50 min. T - 2 1  min. 
T - 2 1  min. T - 11 min. 
T - 11 min. T - 6 min. 
T - 6 min. T - 1 min. 
T - 1 min. T - 0  
T - 0  T + 150 s e c s .  
T + 150 secs. T + 30 min. 
ELECTRICAL POVER SET UP 
Verify/accomplish the following: 
1. A.C. circuit breaker - on CCB-25 Panel No F'GB 120/208) 
2. D.C. circuit breaker on (console) 
TEST CELL 309 GN2 SET UP 
Verify/accomplish the following positions of the hand valves: 
1. 
2. 
Cell primary GN2 supply 4G10-2 OPEN 
Cell GN2 supply VA-7F23-GN - OPEN 
3. Verify 1000+100 psig on gage PI-7A79-GN 
To set up motor valve supply pressure: 
1. Motor valve supply dome loader DL-7A25-GN fully COUNTERCLOCKWISE 
2. 
3. 
Motor valve supply hand valve VA-7F24-GN OPEN 
Motor valve regulated supply hand valve VA-7F25-GN - OPEN 
.I. _ _  . 4; - Motor valve ".upply dome laader- DL-7A25-GN CLOCKTJISEruntil . . . . ,.._ gage 
PI-7A80-GN indicates 150+15 psig 
7 NOTE: The motor valve supply is ready for operation. 
To set up Engine LOX and RP-1 purge supply: 
1. Engine LOX purge dome loader DL-7A26-GN fully COUNTERCLOCKWISE 
2. Engine RP-1 purge dome loader DL-7A20-GN fully COUNTERCLOCKWISE 
3. 
4. 
Engine LOX and RP-1 purge supply hand valve VA-7F29-GN OPEN 
Verify/accomplish engine LOX purge solenoid SV-7AO5-GN CLOSED 
. .. 
5 .  Verify/accomplish engine RP-1 purge solenoid SVL7A09-GN CLOSED 
6 .  Engine LOX purge regulated supply hand valve VA-7F30-GN - OPEN 
7. Engine RP-1 purge regulated supply hand valve VA-7F99-GN OPEN 
8. Engine LOX purge dome loader DL-7A26-GN CLOCKWISE until gage 
PI-7A82-GN indicates 345+10 - psig 
t 
9 .  Engine RP-1 purge dome l.oader DL-7A20-GN CLOCKWISE until gage 
PI-7A81-GN indicates 250+10 psig 
ROTE: The engine LOX and RP-1 purge are ready for operation. 
To s e t  up engine control pressure supply: 
1. Engine control pressure dome loader DL-7A34-GN fully COUNTER- 
CLOCKWISE 
2. Engine control supply hand valve VA-7F28-GN - OPEN 
3 .  Engine control pressure dome loader DL-7A34-GN CLOCKWISE until 
gage PI-7B08-GN indicates 590225 psig 
4 .  Engine control fegulated supply hand valve VA-7F98-GN OPEN 
- NOTE: The engine control pressure supply is ready for operation. 
TEST CELL 308 GN7 SET UP 
Verify/accomplish the following positions of the hand valves: 
. .  Cell p r i m p r v  *:No S U P P ~ V  AG10-4 OPEN * i .. ,-. 1. - 
2. 
3. 
Cell GN2 supply VA-7F18-GN - OPEN 
Verify 1000~100 psig on gage PI-7A77-GN 
To secure LOX line standby purge: 
1. LOX line standby purge supply valve VA-7F21-GN CLOSED 
To set up LOX tank pressurization system: 
1. LOX tank pressurization dome loader DL-7A21-GN fully COUNTER- 
CLOCKWISE 
LOX tank pressurization supply valve VA-7F19-GN OPEN 2. 
Verify lOOO+lOO psig on gage PI-7A90-GN 
3.  
There should be no continuous flow of GN2. 
LOX tank pressurization valve VA-7F20-GN - OPEN 
0 4 . <  -* 
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TEST CELL 310 GN7 SET UP 
Verify/accomplish the following positions of the hand valves: 
1. 
2. 
3 .  
Cell primary GN2 supply 4G10-1 - OPEN 
Cell GN2 supply VA-7F33-GN OPEN 
Verify lOOO&lOO psig on gage PI-7A83-GN 
To secure RP-1 line standby pressure/purge: 
1. RP-1 line standby purge supply valve VA-7F36-GN CLOSED 
To set up/checkout and leak check the RP-1 tank pressurization system: 
1. RP-1 tank pressurization dome loader DL-7A23-GN fully COUNTER- 
CLOCKWISE 
2. RP-1 tank pressurization supply valve VA-7F34-GN - OPEN 
3 .  
There should be no continuous flow of GN2. 
RP-1 tank pressurization valve VA-7F35-GN - OPEN 
Set up of deluge system: 
2. Verify/accomplish deluge solenoid SV-7A11-GN CLOSED 
3. 
4. 
Verify/accomplish deluge solenoid SV-7A72-GN CLOSED 
Deluge drain valve VA-7F74-PW CLOSED 
5 .  Verify main water supply valve VA-7G14-PW OPEN 
6. 
7. Verify 60+10 - psig on PI-7A87-PW . .  
Deluge supply shutoff valve VA-7F31-PW - OPEN 
Set up of tnstrumentation cooling water: 
1. Verify probe water supply tank has been filled with distilled water 
- 2. Verify that probe water coolant circuits have been primed 
3.  Verify the following valve positions: 
a. Water supply hand valve VA-7G15-PW CLOSED - 
b. Tank bleed valve VA-7E10-GN CLOSED - 
c .  Tank pressurizing dome loader DL-7A36-GN fully COUNTERCTAOCKVISE 
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- d .  Test valve No. 1 GN2 supply OPEN 
4 .  Tank pressure supply valve VA-7E09-GN OPEN 
5 ,  Dome loader DL-7A36-GN slowly CLOCKWISE until PI-7A95-GN indicates 
750+50 - psig 
6. Verify probe water supply valve (console) is CLOSED 
7. 
8 .  Verify no flow indications on water coolant flows LF 100, LF 101, 
Water supply hand valve VA-7G15-PW - OPEN 
and LF 102 




4 .  LOX purge SV-7A05-GN OPEN 
5 .  Engine 7 ON
6. Engine I_ O F F  
Verify engine propellant valve cycles 
7. Engine 
8 .  Set duration timer to 10 seconds 
9. Console engine cutoff 
LOX line supply W-7A18-LO - OPEN 
RP-1 line supply MV-7A2O-RP - OPEN 
Remove engine nozzle protective cover 
Verify engine propellant valve cycles, LOX line supply MV-7A18-LO and 




13. Instrumentation cutoff, verify events in step 9 above 
14, Repeat steps 10, 11, 12 
15. Test conductor cutoff, verify events in step 9 above 
16, 120 VAG (console) 
LOX line supply MV-7A18-LO OPEN 
RP-1 line supply MY-7AZO-RP - OPEN 
17. Auto cutoff 
18. RP-1 line supply NV-7A20-RP - OPEN 
19. LOX line supply MV-7A18-LO OPEN 
20. Engine - ON 
21. Verify engine cutoff and LOX and RP-1 line supply valves CLOSED - 
22. LOX purge SV-7A05-GN CLOSED . . . .  - 
- 23. Auto cutoff OFF -
RP-1 TANKING 
ANNOUNCE: Attention all personnel. Propellants will be transferred in 
Bldg. 8110 area. During this time there will be no smoking, 
burning or welding except in designated areas, - 
- Go to flashing amber condition and turn on tanking chimes. 
NOTE: Personnel involved in RP-1 tanking operation will wear approved 
protective clothing. 
fer shall l:z-e the cell. - 1 .  * ,-I. .:*,.. I 
Those personnel - not involved in RP-1 trans- 
1. Connect the RP-1 fill flex hose FH-7A02-RP to the RP-1 trailer 
2. Have RP-1 trailer crew prepare trailer for RP-1 transfer 
3 .  
- 
Verify the following hand valve positions: 
a. 
b.  RP-1 tank supply VA-7F45-RP OPEN. 
RP-1 tank fill VA-7F4O-RP - OPEN 
c. RP-1 tank drain VA-7F39-RP CLOSED 
d .  RP-1 tank Barton gage, isolation valves VA-7F27-GN and VA- 
7GO3-GN OPEN 
e. RP-1 tank aux. vent VA-7G38-RP CLOSED 
f .  RF-1 fillline low point drain VA-7G13-RP CLOSED 
4. RP-1 tank vent valve MV-7A23-RP - OPEN 
5. RP-1 line bleed MV-7A19-RP CLOSED 
6. RP-1 line suppy MV-7A20-RP OPEN 
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ANNOUNCE: RP-1 will be transferred. 
7. RP-1 trailer supply valve OPEN 
8. Fill RP-1 tank to level specified on daily test data sheet 
9. RP-1 tank fill valve VA-7F40-RP CLOSED 
RP-1 Supply System Set Up 
1. RP-1 tank vent valve MY-7A23-RP OPEN - 
2. RP-1 tank supply VA-7F45-RP - OPEN - 
3 .  RP-1 tank supply NY-7A2O-RP - OPEN - 
4 .  RP-1 line bleed MV-7A19-RP - OPEN. Leave open for 30 seconds. - 
5. RP-1 line bleed MV-7A19-RP CLOSED - 
6. Uncap RP-1 supply line and allow to bleed until free of air then 
close RP-1 tank supply MY-7A20-RP - 
7. Connect RP-1 supply line to engine control valve - 
8. RP-1 tank supply valve MV-7A2O-RP - OPEN - 
LOX TANKING 
ANNOUNCE: Attention all personnel. LOX will be transferred in Bldg. 8110 - 
area. There will be no smoking, burning or welding except in 
designated areas. 
Go to flashing amber condition and turn on tanking chimes. - 
Personnel involved in the LOX tanking operation will wear approved LOX pro- 
tective clothing. Those personnel who are not assigned to the test cell will 
leave at this time. 
1. Verify man stationed to control access to Bldg. 8110 area - 
2. Verify flashing amber condition - 
3. Flood test cell No. 308 with water hose - 
4. Connect LOX fill flex hose FH-7AO1-LO to LOX trailer connection - 
5. 
6. Verify/accomplish the following hand valve positions: 
Have LOX trailer crew pressurize tank in preparation for LOX transfer 
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- a. LOX tank drain VA-7F42-LO CLOSED 
b .  LOX tank supply VA-7F44-LO OPEN - 
- c. 
d .  LOX tank Barton gage isolation valves VA-7F17-LO and VA-7G04-LO 
LOX tank fill VA-7F43-LO - OPEN 
OPEN -
e. LOX tank aux vent VA-7F41-LO CLOSED 
f. LOX fill line low point drain VA-7G12-LO CLOSED 
7. LOX vent valve MV-7A15-LO - OPEN 
ANNOUNCE: LOX will be transferred. 
8. LOX trailer supply valve OPEN. Begin cooldown and filling operations. 
9. Fill LOX tank to level specified on daily test data sheet. - 
10. LOX tank fill valve VA-7F43-LO CLOSED - 
- 11. LOX fill line low point drain VA-7G12-LO - OPEN.
valve CLOSED. 
LOX trailer supply 
- 
12. Have LOX trailer crew secure LOX trailer and disconnect LOX fill flex 
- hose FH-7AO1-LO from trailer. Replace protective cap in flex hose. 
13. LOX tank Barton gage isolation valves VA-7F17-LO and VA-7G04-LO CLOSED - 
- 14. LOX fill line low point drain VA-7G12 CLOSED 
15. Insure COX trailer is clear of test cell. 
- 16. Tanking chimes - OFF 
ANNOUNCE: Attention all personnel. Propellant transfer is complete. All 
personnel except designated test crew should proceed to a designated safe 
area. 
17. Go to RED CONDITION 
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A. HYPERGOL INSTALLATION 
Caution: 
face shielding when installing or removing the hypergol. 




4 .  




9 .  
Verify RP-1 purge SV-7A09-GN CLOSED 
Verify LOX purge SV-7A05-GN CLOSED 
Immediately prior to installing, carefully remove from packing 
container and inspect for leakage or damaged seals, 
ANNOUNCE: The.*hypergol cartridge 'will be installed. A l l  personnel 
will stand clear of test cell 309. ' 
Remove hypergol protective closure from engine. 
Lubricate seals with RP-1. 
Carefully install cartridge, 
Install locking pin. 
ANNOUNCE: Hypergol installation is complpte. 
Sample bottle hand valves OPEN 
Toggle switch CLOSED 
Verify probe control yellow light 
Final preparations for firing: 
1. Station Check: 
a. 
b. 






Firing console operator READY 
Instrument at ion READY 
Redline observer READY 
Area coordinator READY 
Cameras READY 
Probe operator READY 
Cell No. 310 observer READY 
Cell No. 308 observer READY 
9. 
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2.  ANNOUNCE: A t t e n t i o n  a l l  personnel .  A h o t  f i r i n g  w i l l  be conducted 
i n  Cell No. 309 i n  approximately f i v e  minutes.  All personnel  are 
reques t ed  t o  evacua te  a l l  t es t  c e l l s  immediately and proceed t o  a n  
a p p r o p r i a t e  a r e a  f o r  f i r i n g .  (X-5 minutes warning s i r e n )  - 
3 .  Go t o  a f l a s h i n g  r e d  c o n d i t i o n .  - 
4. Obta in  ok from s a f e t y  monitor  t h a t  t h e  test c e l l  area i s  c l e a r e d  
of personnel  and t h e  f i r i n g  can  proceed 
5. 120 VAC 9 
6. S t r i p  Char t  Recorders  on SLOW 
7. P r e s s u r i z e  RP-1 tank:  
a .  RP-1 tank  v e n t  MV-7A23-RP CLOSED 
b. RP-1 tank  p r e s s u r i z a t i o n  dome loade r  DL-7A23-GN CLOCKWISE 
u n t i l  t ank  p r e s s u r e  r eads  790 p s i g  
8. P r e s s u r i z e  LOX tank:  
a. LOX l i n e  supply  MV-7A18-LO OPEN 
b. LOX l i n e  b leed  MV-7A17-LO OPEN w a i t  10 sec. - LOX l i n e  
b leed  MV-7A17-LO CLOSED 
c. LOX tank  v e n t  MV-7A15-LO CLOSED 
d .  LOX tank  p r e s s u r i z a t i o n  dome loade r  DL-7A21-GN CLOCKWISE 
u n t i l  t ank  p r e s s u r e  r eads  740 p s i g  
9. Engine s t a r t  sequence: 
a .  
b. Cameras 
Ins t rumen ta t ion  2 ( S t r i p  c h a r t s ,  osc i l lographs ' ,  A/D, Analog 
t a p e  1 
- 
- c.  Probe wa te r  supply  va lve  $J - v e r i f y  water f lows  are  ok 
d. Engine LOX purge SV77A05-GN OPEN 
e. Ver i fy  f u e l  tank  p r e s s u r e  is 79e10 p s i g  
10: 
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g. Engine start OJ 
h. At X+5 seconds engine RP-1 purge SV-7A09-GN _I OPEN
At completion of firing duration: 







0 .  
P. 
Q *  
r. 
S I  
t. 
U .  
V. 
LOX line supply MV-7A18-LO CLOSED 
RP-1 line supply MV-7A2O-RP CLOSED 
babe water supply valve OFF 
Instrumentation OFF 
LOX line bleed MV-7A17-LO OPEN 
LOX pressurizing dome loader DL-7A21-GN slowly COUNTERCLOCK- 
- WISE until gage indicates 100 psig 
Cycle LOX tank vent valve MV-7A15-LO until LOX tank pressure 
indicates less than 150 psig 
RP-1 line bleed MI-7A19-RP OPEN 
RP-1 tank pressurizing dome loader DL-7A23-GN fully COUNTER- 
CLOCKWISE 
RP-1 tank vent MV-7A23-RP OPEN 
Engine RP-1 purge SV-7A09-GN CLOSED 
Cameras 





Other personnel are to remain in designated safe areas. 
W. Go to a red condition 
x. Probe water supply hand valve VA-7G14-PW CLOSED 
y. Sample bottle hand valves CLOSED 
Test Cell 309 is cleared for designated crew only. 
11. 
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B. HYPERGOL RJZFfOVAL 
1. Inspect test cell for damage during test to insure that no unusual 
- hazards exist 
- 2. Insure the engine fuel purge is off 
- 3.  ANNOUNCE: The spent hypergol cartridge will be removed. 
_c 
4 .  Remove the locking pin and carefully remove the spent cartridge 
5. Replace the hypergol protective closure 
c 
- 6. ANNOUNCE: Hypergol removal is complete. 
- 7. Disconnect and cap RP-1 line at engine control valve inlet 
8. Engine fuel purge SV-7A09-GN 
LOX Detankinq 
ANNOUNCE: Attention all personnel. LOX will be. transferred into 
dump pit, all personn'el remain clear of dump pit area. 
1. Go to amber condition, chimes 
2. LOX tank drain valve VA-7F42-LO OPEN 
At completion 'of detanking: 
-
i 
3 .  LOX tank pressurization dome loader DL-7A21-GN fully COUNTERCLOCK- 
WISE -
4 .  LOX tank vent MV-7A15-LO OPEN -
5 .  LOX tank drain valve VA-7F42-LO CLOSED 
6. ANNOUNCE: LOX detanking 'is complete. 
c 
Set up of LOX line standby purgelpressure: 
1. LOX line standby supply valve VA-7F21-GN OPEN -
2. 
3 .  
Set dome loader DL-7A24-GN until PI-7A76-GN indicates 15 psig 
LOX line purge valve VA-7F22-GN OPEN -
RP- 1 De t anking: 
RP-1 will be held in the tank. The RP-1 supply line will be drained. 
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1. RP-1 tank supply VA-7F45-RP CLOSED 
2. RP-1 tank supply valve MV-7A20 CLOSED 
3 .  
ANNOUNCE: Propellant transfer is complete in Bldg. 8110 area. All 
areas may resume normal activities. 
RP-1 line bleed MV-7h19-RP - OPEN 
(Green condition) 
Set up RP-1 line standby pressure/purge (if required): 
1. 
2. Adjust DL-7A29-GN until PI-7A86-GN indicates 15 psig 
3. RP-1 line purge valve VA-7F37-GN OPEN 
RP-1 line standby regulated purge valve VA-7F36-GN OPEN 
Trich. Flushing of RP-1 Side of Engine: 
1. Verify engine LOX purge is 
2. Engine fuel purge I_ OFF e 
3. Remove protective closure from hypergol chamber 
.4. Insert trichflushing apparatus in thrust chapb,er fuel passage 
port and flush with trich. until all traces of fuel have been re- 
moved, 
NOTE: Exercise care to assure that no Trich. is allowed to run into 
the upstream portion of the engine fuel supply system. 
5 .  Remove flushing apparatus and replace hypergol chamber protective 
closure 
Turn engine fuel purge E w a i t  10 minutes 6. 
7. Turn engine fuel purge 
8. Turn engine LOX purge - OFF 
9. 1nstall.protective closure over engine nozzle exit 
S e c u r e  probe cooling water: 
1. Tank pressure supply valve VA-7E09-GN CLOSED 
2. Tank bleed valve VA-7E10-GN - OPEN 
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3. Allow t ank  t o  complete v e n t i n g  then  CLOSE VA-7E10-GN 
4 .  P r e s s u r i z i n g  dome l o a d e r  DL-7A36-GN f u l l y  COUNTERCLOCKWISE 
GN2 Sys tem Secur ing:  
T e s t  Cell 309 
1. 
2. 
Engine RP-1 purge r e g u l a t e d  supply  hand valve VA-7P99-GN CLOSED 
Engine LOX purge SV-7A05-GN OPEN 
3. Engine RP-1 purge SV-7A09-GN OPEN -
4 .  
5. 
6. 
7. Engine LOX purge SV-7A05-GN OPEN 
8. Engine LOX purge SV-7AO5-GN CLOSED 
Engine W-1 purge SV-7A09-GN CLOSED 
Engine LOX purge SV-7A05-GN CLOSED 
Engine LOX purge r e g u l a t e d  supply  hand valve VA-7F30-GN CLOSED 
-
Engine c o n t r o l  p r e s s u r e  supply :  
Engine c o n t r o l  r e g u l a t e d  supply  hand va!.ve VA-7F28-GN CLOSED 





3. Wait u n t i l  PI-7B08-GN i n d i c a t e s  zero 
4 .  Engine c o n t r o l  supply  hand valve VA-7F98-GN CLOSED 
Deluge s e c u r i n g :  
1. Deluge supply  s h u t o f f  valve VA-7F31-PW CLOSED 
61 
APPENDIX B 
PROBE OPERATION PROCEDURE 
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Procedure f o r  Probe Operat ion 
Pre- f i r  i n g  Conditions : 
1. Valves RV-1 (LK16)+: and RV-3 (LK17) are c losed .  
2.  Valves V 1 ,  V 2 ,  V3 and needle  va lve  are p r e s e t .  F i l l  coo lan t  tank 
and open hand va lves  on gas sample b o t t l e s .  
Steps from Engine Operation: 
1. Open RV-2 (LK15) 
2.  F i r e  Engine 
3. The temperature r ise  o f  t he  coo lan t  through the  o u t e r  j a c k e t  must be 
below 150°F. Anything above t h i s  r e q u i r e s  immediate shutdown. 
Steps f o r  Probe Operation: 
1. Move the  probe t o  the  d e s i r e d  p o s i t i o n .  The temperature r ise of t h e  
coo lan t  through t h e  o u t e r  j a c k e t  must be below 150°F. 
t h i s  r e q u i r e s  immediate shutdown. 
Anything above 
2 .  Take the  s t a g n a t i o n  p res su re ,  monitor t h a t  p re s su re  P3(D101) is s t eady .  
3 .  Open RV-1 and check t h e  coo lan t  temperature r ise  through the inner  
j a c k e t .  I f  above 100°F shutdown and res t r ic t  gas flow through probe 
by means of t he  needle  valve. I f  w i t h  t h i s  new s e t t i n g ,  t he  flow is 
no longer  choked through t h e  o r i f i c e ,  t h e  needle- va lve  w i l l  have t o  
be c o n t r o l l e d  remotely.  (Check f o r  choked flow; determine i f  P4 (D 103) 
is g r e a t e r  than 40 p s i a .  I f  no t  choked, shutdown and a d j u s t  needle  
valve.  ) 
4 .  Close RV-1 and open RV-3. Check inne r  j a c k e t  temperature r ise .  I f  
above 100°F shutdown and res t r ic t  gas flow through probe by means of 
t h e  needle  valve.  I f  w i th  t h i s  new s e t t i n g ,  t h e  flow i s  no longer  
choked through t h e  o r i f i c e ,  the needle  va lve  w i l l  have t o  be c o n t r o l l e d  
remotely.  
(LK19) f o r  t he  second p o s i t i o n .  When the  p r e s s u r e  reaches 100 p s i a  
o r  s t a b i l i z e s ,  c l o s e  RV-3 and t h e  v a l v e  t o  t h e  b o t t l e  (RV-4 o r  RV-5). 
5 .  Take gas sample by opening RV-4 (LK18) f o r  the f i r s t  p o s i t i o n  o r  RV-5 
6. Repeat s t e p s  3 through 5 f o r  another  probe p o s i t i o n .  
7 .  Coolant flow can be s h u t  o f f  immediately a f t e r  engine shutdown. 
Danger S igna l s  - Immediate Engine Shutdown 
1. A water leakage may be caused by a p r e s s u r e  f a i l u r e  o r  a burnout .  
2 .  I f  t he  coo lan t  temperature change a c r o s s  t h e  jwketsrises w i t h  a drop 
i n  flow ra te ,  e i t h e r  the probe passages are blocked o r  b o i l i n g  has 
s t a r t e d  i n  t h e  probe passages.  
i n  flow r a t e ,  coo lan t  i n l e t  temperature r i se ,  a sha rp  i n c r e a s e  i n  h o t  
gas temperature ,  o r  scale formation due t o  coo lan t  contamination. 
Bo i l ing  can be caused by a dec rease  
3 .  Erratic changes i n  thermocouple ou tpu t .  
4 .  Unaccountable v a r i a t i o n s  i n  measured impact p re s su re .  
5 .  Excessive p r e s s u r e  drop i n  coo lan t  system. 
* Paren thes i s  i n d i c a t e s  nomenclature from ins t rumen ta t ion  l i s t .  
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